In order to develop an artificial habitat encouraging the colonization efficiency of phytoseiid mites on fruit trees, we conducted choice experiments with a predacious phytoseiid mite, Neoseiulus californicus, using 22 types of artificial microstructures (3 cmϫ3 cm, less than 1 cm thick) in the laboratory. Large numbers of N. californicus preferred finetextured urethane foam and a shading net, although the locations where N. californicus settled on each microstructure were different: more than 80% of N. californicus adults preferred being 'on a plastic board under fine-textured urethane foam', while more than 95% preferred being 'on and in the shading net itself'. With respect to their practical use on fruit trees, shading nets are useful, because their size and thickness can be changed easily and they are also effective tools to transfer phytoseiid mites to trees with low phytoseiid densities. Thus, shading nets were considered to be the best candidate for an artificial habitat of phytoseiid mites on fruit trees.
INTRODUCTION
With the recent practical use of mating disrupters against 'key pests' such as fruit borers and leaf rollers, it has become feasible to reduce broadspectrum insecticide applications in fruit tree orchards in Japan. This follows the conservation of native natural enemies to control a variety of pests in fruit tree orchards (Izawa et al., 2000; Okazaki, 2000; Arakawa and Okazaki, 2002) . Spider mites are one of the most serious pests of fruit trees. Because of their rapid development of resistance to acaricides, it is difficult to achieve effective spider mite management depending solely on acaricides (Cranham and Helle, 1985; Herron et al., 1993; Campos et al., 1996; Takafuji et al., 2000) . Predacious phytoseiid mites are important biological control agents for spider mite control, and various species of predacious mites are often abundantly found in pesticide-reduced and pesticide-free fruit orchards (Koike et al., 1998 (Koike et al., , 2000 Kishimoto, 2002; Toyoshima, 2003) . An integral component of biological control programs using phytoseiid mites is to establish an efficient means of keeping abundant mites on the trees. Thus, it is important to identify factors that positively affect the colonization of phytoseiid mites.
Several authors have shown that the abundance of phytoseiid mites was affected by leaf surface characteristics. For example, mites were abundant on plants having pubescent leaves (Downing and Moilliet, 1967; Duso, 1992; Duso and Vettorazzo, 1999; Roda et al., 2001) or domatia (Walter and O'Dowd, 1992a, b) . In addition, phytoseiid mites often preferred to inhabit leaf microstructures that were sheltered by the silken strands of spiders, lepidopteran larvae, or tetranychid mites (Walter and O'Dowd, 1992b; Koike et al., 1998) . These observations suggest that structurally complex surfaces are suitable habitats of phytoseiid mites, and that the abundance of mites is enhanced on plants with such structures (Walter, 1996) . The mites have also been reported to use even artificial microstructures like Phyto traps as a habitat on trees, although the traps contained no food or attractants (Koike et al., 2000; Amano, 2004, 2006; . Therefore, if we can easily make microstructures on which phytoseiid mites colonize preferentially, such microstructures might be an effective tool to enhance their colonization on trees.
As a first step towards developing an effective artificial habitat for various species of phytoseiid mites on fruit trees, we compared the colonization of a predacious phytoseiid mite, Neoseiulus californicus (McGregor), among various artificial microstructures in the laboratory.
MATERIALS AND METHODS
Phytoseiid mite. The predacious phytoseiid mite N. californicus, which is found on various fruit trees in Europe, North and South America, and Asia, is a promising biological control agent against spider mites (McMurtry and Croft, 1997; Copping, 2004) . In this study, we used its commercial strain produced as SPICAL ® (supplied by Arysta LifeScience Corporation, Japan), which contained approximately 2,000 individuals and 500 ml of sawdust in a bottle. The mites were used in the experiments within two days after arrival at our laboratory.
Experiments. The choice experiments were conducted on a black plastic board (16 cmϫ16 cm) placed on a piece of moist urethane foam in a plastic tray containing water (Fig. 1) . Strips of wet tissue were placed on the plastic board along its periphery so that N. californicus could imbibe water.
The first screening was conducted to select effective artificial microstructures which encourage the colonization of N. californicus among 22 types of artificial microstructures that were conveniently divided into three plots depending on their thickness (hereafter referred to as plots 1 to 3; Fig. 2 ). All plots contained the Phyto trap as a control, and thus, each plot consisted of eight types of microstructures (Fig. 2) .
A square (3 cmϫ3 cm) of each microstructure was used for the choice experiments. Fine-and loose-textured urethane foam, and fine-and loosetextured filter mats were cut to a thickness of 1 cm; the other microstructures were used at their initial thickness (Fig. 2 ). Seven and 27 strips (3 cm long) of wool yarn and vinyl-coated wire were respectively placed on a square (Fig. 2) . The Phyto trap used in this study consisted of a square of the hook surface of Velcro fastening to which five strips of wool yarn (3 cm long) were attached (Fig. 2) .
All the choice experiments were conducted in a climate-controlled chamber (25°C, 16L:8D photoperiod) with 20 replications in each plot. Eight types of artificial microstructures were placed in a circle on a plastic board (Fig. 1) , and the positions of the microstructures were changed randomly in every replication. About 18 ml of SPICAL ® , containing 53.1Ϯ3.1 (SE) adults of N. californicus, was placed in the center of the plastic board (Fig.  1) . After 24 h, each microstructure was removed from the plastic board. The numbers of N. californicus found on the plastic board under the microstructure were counted directly, and those on and in the microstructure were counted under a stereomicroscope.
We conducted the second screening to select the most effective microstructure(s) for colonizing N. californicus. With regard to eight types of microstructures on which the numbers of N. californicus found were similar to or higher than those on the Phyto trap in the first screening, we performed choice experiments following the same procedures as described above.
Statistical analyses. The Kruskal-Wallis test was used to evaluate the differences in the numbers of N. californicus found on each microstructure in the first and second screenings, and the SteelDwass test was used for multiple comparison. The c 2 -test was used to compare the ratio of the numbers of N. californicus 'on the plastic board under the microstructure' and 'on and in the microstructure' in the second screening, and for multiple comparison, the value of a was corrected with the Bonferroni method (Sokal and Rohlf, 1995) .
RESULTS
In the first screening, the total numbers of N. californicus adults found on the eight types of artificial microstructures per replication in plots 1, 2 and 3 were 27.6Ϯ2.2, 25.7Ϯ2.7 and 26.0Ϯ2.2 (SE), respectively. The mean numbers of N. californicus per replication differed significantly among the eight types of microstructures in all plots in the first screening (Kruskal-Wallis test, plot 1: pϽ0.0001, plot 2: pϽ0.0001, plot 3: pϽ0.0001). In plot 1, the mean numbers of N. californicus per replication were higher on the shading net and the Phyto trap than on the other microstructures (Steel-Dwass test, pϽ0.05; Fig. 3a) . In plot 2, those mean values were higher on the wool yarn, the Phyto trap and the flannel cloth than on the dishwashing mesh, the vinyl-coated wire and the hook surface of Velcro fastening (SteelDwass test, pϽ0.05; Fig. 3b ). In plot 3, those mean values were higher on the Phyto trap, fine-textured urethane foam, soft artificial turf, grinding sponge and hard artificial turf than on the other microstructures (Steel-Dwass test, pϽ0.05; Fig. 3c ). The ratios of the numbers of N. californicus 'on the plastic board under the microstructure' and 'on and in the microstructure' were different among the microstructures in the first screening (Fig. 4) ; however, statistical analyses of these ratios among microstructures were not conducted, since microstructures on which extremely low numbers of N. californicus were found were included in all plots.
We selected eight types of artificial microstructures, on which the numbers of N. californicus found were similar to or higher than the Phyto trap, for the second screening (Fig. 5) . In the second screening, the total number of N. californicus found on the eight types of artificial microstructures per replication was 35.3Ϯ3.0 (SE). The mean numbers of N. californicus per replication differed significantly among the eight types of microstructures (Kruskal-Wallis test, pϽ0.0001). The mean values were significantly higher on the fine-textured urethane foam than on the hard artificial turf and the grinding sponge (Steel-Dwass test, pϽ0.05; Fig. 5 ), and were also higher on the shading net, soft artificial turf and wool yarn than on hard artificial turf pϽ0.05) . The ratios of the numbers of N. californicus 'on the plastic board under the microstructure' and 'on and in the microstructure' were significantly different among the eight types of microstructures in the second screening (c 2 ϭ317.9, dfϭ7, pϽ0.0001). The ratio of their colonization on and in each microstructure was the lowest on the fine-textured urethane foam of the eight types of artificial microstructures (c 2 -test with the Bonferroni method, pϽ0.05; Fig. 6 ), and was higher on the shading net than on the other microstructures except the wool yarn (c 2 -test with the Bonferroni method, pϽ0.05; 
DISCUSSION
In fruit tree orchards, the density of predacious phytoseiid mites generally increases later than the occurrence of spider mites (Kishimoto, 2002) . Such a time lag is considered to be one of the reasons why spider mites can not be controlled effectively by phytoseiid mites. Therefore, it could be helpful for their biological control to keep phytoseiid mites abundant on trees before spider mites begin to increase.
In this study, large numbers of N. californicus were found on fine-textured urethane foam and shading nets (Fig. 5) , which are therefore considered to be useful microstructures on which phytoseiid mites colonize preferentially. From the perspective of their practical use on fruit trees, it is preferable to use microstructures that can be used simply and easily on trees, and also as transportation tools of phytoseiid mites. The locations where N. californicus settled on each microstructure were different between fine-textured urethane foam and shading nets: more than 80% of N. californicus adults were found on the plastic board under the fine-textured urethane foam and more than 95% were found on and in the shading net itself (Figs. 4  and 6 ). Kishimoto (2005) suggested that micro space was as important as the habitat and oviposition site of phytoseiid mites. The shading net consists of wrinkled polyethylene film in which many minute spaces are formed. As most phytoseiid individuals were found in the spaces of the shading net, such spaces may contribute to enhance their colonization.
It is advantageous for practical use that the size and thickness of the shading net can be changed easily by cutting and pilling. Such changes of the size and/or thickness adjust the number of micro spaces, and consequently the total number of phytoseiid mites colonizing the shading net. In addition, shading nets would be useful as a tool to transfer phytoseiid mites from trees with high phytoseiid density to other trees with low phytoseiid density. Also, if alternative food for phytoseiid mites is developed in the future, shading nets will be used not only as the colonization site but also as the reproduction site by adding food. Thus, shading nets are considered to be a candidate medium for maintaining and augmenting predacious phytoseiid densities. If shading nets are also effective to maintain a high density of phytoseiid mites in the orchards, they are expected to be a promising tool for controlling spider mites.
